Objective The National Breast and Cervical Cancer Early Detection Program (NBCCEDP) provides breast and cervical cancer screens to low-income, uninsured, and underinsured women. We describe the number and proportion of women eligible for cervical cancer screening services and the proportion of eligible women screened over the period 1997-2012. Methods Low-income, uninsured, and underinsured women aged 18-64 years who have not had a hysterectomy are eligible for cervical cancer screening through the NBCCEDP. We estimated the number of low-income, uninsured women using data from the US Census Bureau. We adjusted our estimates for hysterectomy status using the National Health Interview Survey and the Behavioral Risk Factor Surveillance System. We used data from the NBCCEDP to describe the number of women receiving NBCCEDP-funded screening and calculated the proportion of eligible women who received screening through the NBCCEDP at the national level (by age group, race/ethnicity) and at the state level by age group. We used the Medical Expenditure Panel Survey to estimate the proportion of NBCCEDP-eligible women who were screened outside the NBCCEDP and the proportion that are not screened. Results We estimate that in 2010-2012, 705,970 women aged 18-64 years, 6.5 % (705,970 of 9.8 million) of the eligible population, received NBCCEDPfunded Pap tests. We estimate that 60.2 % of eligible women aged 18-64 years were screened outside the NBCCEDP and 33.3 % were not screened. The NBCCEDP provided 623,603 screens to women aged 40-64 years, an estimated 16.5 % of the eligible population, and 83,660 screens to women aged 18-39 years, representing an estimated 1.2 % of the eligible population. The estimated proportions of eligible women screened in each state ranged from 1.5 to 32.7 % and 5 % to 73.2 % among the 18-64 and 40-64 years age groups, respectively. Changes in the proportion of eligible women screened over the study period were nonsignificant. Conclusions Although the program provided cervical screening to over 700,000 women between 2010 and 2012, it served a small percent of those eligible. The proportion of women screened varied substantially across age groups, racial/ethnic groups, and states. Many low-income, uninsured women are not being screened.
Introduction
The incidence of and mortality from cervical cancer in the USA have declined over time as a result of progress in primary prevention, early-stage disease detection, and treatment [1] . However, there are still opportunities to improve the care of women with cervical cancer. In 2010, 11,918 women were diagnosed with cervical cancer, and 3,939 women died from the disease [2] .
The United States Preventive Services Task Force (USPSTF) recommends screening for cervical cancer in women aged 21-65 every 3 years with Papanicolaou smear testing (Pap test) or in women aged 30-65 every 5 years with a combination of Pap test and human papillomavirus testing [3] . The Healthy People 2020 objective for cervical cancer screening is to screen 93 % of women aged 21-65 years by the year 2020 [4] . Current screening proportions fall short of this target and, in fact, have exhibited a small but statistically significant decline from 2000-2010. As of 2010, only 83 % of women in this 21-65 years age group were up-to-date with screening. Screening proportions for some groups of women are even lower, including Asian women (75 %), and women lacking a usual source of care (65 %) or health insurance (64 %) (CDC 2012b) [5] .
To reduce disparities in cervical cancer screening proportions, the US Congress established the National Breast and Cervical Cancer Early Detection Program (NBCCEDP) in 1991 to help low-income, underinsured, and uninsured women gain access to screening and diagnostic exams for breast and cervical cancer [6] . The NBCCEDP is implemented through cooperative agreements between the Centers for Disease Control and Prevention (CDC) and 67 grantees representing health departments in all 50 states, the District of Columbia (DC), 5 US territories, and 11 American Indian and Alaska Native (AIAN) tribes or tribal organizations. The grantees typically establish subcontracts with healthcare providers across the state to deliver screening services. The local healthcare providers are diverse and include local health departments, Federally Qualified Health Centers, community health centers, Indian Health Service clinics, private clinics, hospitals, and other healthcare systems.
In 2012, the NBCCEDP provided $158 million to these 67 grantees. Per congressional mandate, at least 60 % of federal funds received by the grantees must be spent on provision of clinical services. The remaining funds are used for program management, data collection, quality assurance and improvement, partnership development, professional education, public education, outreach, and evaluation. The NBCCEDP provides cervical cancer screening services to low-income, uninsured women aged 21-64 years. Estimates of NBCCEDP reach for breast cancer screening are reported elsewhere in this monograph [7] . Treatment for women diagnosed with cervical cancer through the NBCCEDP is covered by state Medicaid funding through the Breast and Cervical Cancer Treatment Act of 2000 (Public Law 106-354), the Native American Breast and Cervical Cancer Treatment Technical Amendment Act of 2001 (Public Law 107-121), and outside sources. A detailed description of the NBCCEDP and its history are available elsewhere [6, 8, 9] .
Our previous report [10] was the first to describe the extent to which the NBCCEDP helped meet the cervical cancer screening needs of the underserved population in the USA. Previously, we estimated that the NBCCEDP screened 8.7 % of eligible women aged 18-64 years for cervical cancer over the period [2004] [2005] [2006] . The proportion of women screened varied by age group, race/ethnicity, and across states. We estimated that the NBCCEDP screened 22.6 % of eligible women aged 40-64 years, 2.3 % of eligible women aged 18-39 years, 7.3 % of eligible Hispanic women, 6.5 % of eligible non-Hispanic black women, and 9.7 % of eligible non-Hispanic white women [10] . The purpose of this study is to update the 2004-2006 analysis by Tangka et al. [10] , using data from 2010 to 2012 and to describe trends in the number of women eligible and proportion of eligible women screened between 1997 and 2012. We also estimated the proportion of women screened by state and by race/ethnicity, the proportion of eligible women who received non-NBCCEDPfunded Pap tests, and the proportion of eligible women who are not screened. This report describes the extent of the nation's only organized screening program provision of cervical cancer screening services to underserved women in the USA over time. Information from this study is crucial for understanding the reach of the NBCCEDP, identifying populations that could benefit from better access to screening services, and targeting specific interventions for hard-to-reach women.
Methods

Eligibility for the NBCCEDP cervical cancer screening services
We used data from the Current Population Survey Annual Social and Economic Supplement (CPS ASEC) for calendar years 1997-2012 to estimate the number of eligible women for 3-year time intervals by age group, state, and race/ethnicity. The CPS is a monthly survey conducted by the US Census Bureau for the Bureau of Labor Statistics that collects information on employment; as well as demographic information including age, family size, sex, race, and Hispanic origin. The US Census Bureau applies a probability sample to draw about 100,000 addresses (78,000 households) participating in the CPS for the CPS ASEC. Interviewed households are asked a set of supplementary questions about their health insurance coverage and income during the previous year [11] . Respondents were considered uninsured if they were not covered by any type of private or government health insurance for the entire previous year. The methods used to collect and report CPS ASEC are described elsewhere [11] [12] [13] [14] .
The NBCCEDP provides cervical cancer screening services to uninsured or underinsured low-income women aged 21-64 years (18-64 years before the USPSTF cervical cancer recommendation of 2012 [3] ) with a cervix (those who have not had a hysterectomy with removal of the cervix). Underinsured women are those with limited coverage or a high deductible or co-payment for cervical cancer screening. Women with incomes 250 % of the federal poverty level (FPL) are classified as ''low income'' [6] . NBCCEDP grantees have the flexibility to establish their own eligibility criteria within federal guidelines. As of 2012, 31 grantees set income eligibility criteria at 250 % of FPL and 20 set income eligibility criteria at lower poverty levels (17 at 200 % FPL, two at 225 % FPL, and one at 185 % FPL). Alaska and Hawaii have higher poverty level thresholds that are not reflected in the US Census Bureau's definition of poverty. Estimates were adjusted to approximate the FPL in those states.
The CDC prioritizes screening of women aged 40-64 years who have not been screened in the past 5 years for cervical cancer [15] . In 2012, about half of all NBCCEDP grantees restricted eligibility to women aged 40 or older. Although the majority of women 65 years and older are covered by Medicare and are not eligible for the NBCCEDP, some NBCCEDP grantees screen women age 65 years and older who are either ineligible or cannot afford the premium to enroll in Medicare part B. Our analysis includes only women aged 18-64 years. Women without a cervix are not eligible for cervical cancer screening through the NBCCEDP. The CPS ASEC does not record whether respondents have had a hysterectomy, and so we adjusted estimates of the number of eligible women downward to account for the proportion of women who have had a hysterectomy.
We used the National Health Interview Survey (NHIS) to estimate the proportion of women in the USA who have had a hysterectomy. The NHIS is the principal source of information on the health of a nationally representative sample of the civilian non-institutionalized US population. Conducted annually by CDC's National Center for Health Statistics (NCHS), the NHIS collects health information during in-person interviews. Each year one or more supplements are included in the NHIS that focus on specific health topics. The 2005 NHIS supplement on cancer control was able to provide estimates of the national proportion of US women who have had a hysterectomy by socioeconomic group [16] . A full description of the NHIS is available online [17] .
We used the BRFSS to estimate the proportion of women who have had a hysterectomy at the state level. BRFSS is a state-based telephone survey of the civilian, non-institutionalized adult population and collects information on health practices and risk behaviors. A full description of the BRFSS is available online [18] . Because of the small proportion of women without a cervix in the three age groups in each state, we used the percentages of women who had a hysterectomy for each age category, irrespective of income and insurance status, to make the adjustment at the state level. In this article, ''eligible women,'' refers to the women eligible for NBCCEDPfunded Pap test, ''women screened'' refers to women who received Pap tests within a given 3-year period, and ''screened by the NBCCEDP'' means screened by providers who received CDC funding from grantees of the NBCCEDP.
The number of women screened by NBCCEDP Information on the number of women screened by the NBCCEDP was obtained from the NBCCEDP grantees. CDC administers and collects a standardized set of data reported by grantees on all screening services funded in part or in full by the NBCCEDP, known as minimum data elements (MDEs). Service-level records are reported and include a unique patient identifier to track women receiving services over time. The MDEs include data on demographic characteristics, service dates, tests performed, test results, and outcomes. Demographic data are self-reported. The MDEs provide information on the number of women who received NBCCEDP-funded Pap tests during the study period. For the purposes of our study, we counted women screened based on their state of residency within the 50 states and DC. We classified women by age and race/ethnicity groups. More information on the components and structure of NBCCEDP and methods for collecting and reporting NBCCEDP data have been described elsewhere [6, 19, 20] .
Following the previous report [10] , groups were categorized for aged 18-64, 18-39, and 40-64 years. Based on Census Bureau convention, we categorized women who reported that they were of Hispanic origin as Hispanic regardless of race. We categorized the remaining We applied sample weights to produce nationally representative estimates. We calculated the proportion of women screened outside the NBCCEDP by subtracting the proportion screened by the NBCCEDP from the proportion of the eligible population screened that we estimated using MEPS.
Data analysis
We calculated the proportion of eligible women screened for 15 successive periods from 1997-2012 based on 3-year screening intervals (e.g., 1997-1999, 1998-2000, and 2010-2012) . We calculated the numerator as the number of unduplicated women screened by the NBCCEDP within the 3-year interval. We chose the 3-year period to be consistent with the cervical cancer screening interval recommended by USPSTF for cervical cancer screening at the time [21] . We calculated the denominator (size of the eligible population) as an average of the 3 years within the time period.
Screening proportion ¼ Unduplicated women screened within a 3Àyear interval 3-year average size of the eligible population
Based on the number of women screened and estimates of the number of women in the 18-64, 18-39, and 40-64 age groups for all US and eligible women, we estimated the proportion of all US women and eligible women screened through the NBCCEDP. We examined the distribution of NBCCEDP cervical cancer screening by age groups, by race/ethnicity at the national level, and by age groups at the state level. State designation is based on the woman's residence rather than the grantee providing the service. For states with tribal organizations, the state percentages include the screening data from AIAN grantees. We report the number of women eligible and the proportion of women in the population who are eligible in each state. In compliance with the NBCCEDP data use agreement, grantee-and state-specific reports of the number and proportion of eligible women screened are de-identified. We excluded two states from the analysis of variation in the proportion of women screened at the state level because they use different NBCCEDP implementation and eligibility criteria.
Estimates of the number of women eligible and the proportion of eligible women screened are based on random surveys and are thus subject to sampling error. The technique for computing confidence intervals for the estimates of the eligible women has been described previously [22] . Consistent with Census Bureau convention [14] , we report 90 % confidence intervals for estimates of the eligible population and the proportion of the eligible population screened. We used t tests to assess the significance of differences in the proportion of women screened. Apparent differences in the trends between the various race/ethnicity groups were not tested for statistical significance. The number of women screened by NBCCEDP is an exact count, and so we do not report inferential statistics for screening totals.
Results
2010-2012 National results
Number and percent eligible Table 1 reports the estimated number of eligible women and the number and proportion of eligible women screened by race/ethnicity. Between 2010 and 2012, approximately 98 million women aged 18-64 years resided in the USA. We estimate that of those women, approximately 10.9 million or 11.1 % were eligible for a NBCCEDP-funded Pap test. We estimate that more women aged 18-39 years were eligible than women aged 40-64 years (7.1, 3.8 million). We estimate that although fewer Hispanic than non-Hispanic women aged 18-64 years were eligible (3.8, 7.1 million), the percentage of all Hispanic women who were eligible was significantly larger than that of non- Among non-Hispanic women, we estimate that 0.5 % of white women and 0.8 % of black women were screened through the NBCCEDP. We estimate that 6.5 % of eligible women were screened one or more times between 2010 and 2012 ( Table 1 ). The proportion of eligible women who were screened varied by age group and race/ethnicity. We estimate that the proportion of eligible women aged 40-64 years screened (16.5 %) was higher than the proportion of women aged 18-39 years screened (1.2 %). Among women in the 18-64 years and 40-64 years age groups, the estimated proportion of non-Hispanic women screened (7.1 % among women aged 18-64 years and 14.7 % among women aged 40-64 years) was higher than the proportion of Hispanic women screened (5.1 and 12.1 %, respectively). Among non-Hispanics in the 18-64 years age group, the estimated proportion of eligible women screened ranged from 5.5 % among black women to 22.7 % among AIAN women. Screening patterns are similar among non-Hispanic women in the 40-64 years age group, with an estimated proportion of eligible women screened ranging from 12.5 % among black women to 35.3 % among AIAN women.
Percent screened from outside the NBCCEDP Table 2 and ''Appendix'' show the estimated number and percentage of women who were eligible for NBCCEDP in each state for the 18-64, 40-64, and 18-39 years age groups. Across states, the number of eligible women ranges from about 11,000 in Vermont to about 1.5 million in California for the 18-64 years age group. The percentage of eligible women ranged from 2.5 to 17.9 % for women aged 18-64 years, and from 1.5 to 10.8 % for women aged 40-64 years. Cancer Causes Control (2015) 26:671-686 677 Table 2 continued Poverty criterion [from 7.5 % (90 % CI: 7.1-7.9 %) to 7.1 % (90 % CI: 6.9-7.3 %)] was not significant.
Discussion
We estimate that the NBCCEDP screened approximately 7 % of the eligible population during the period 2010-2012. More than half of the eligible women screened were racial/ethnic minorities, consistent with the NBCCEDP's goal of reducing disparities. We estimate that 60.2 % of the eligible women aged 18-64 years were screened outside the NBCCEDP, leaving approximately 33.3 % of the eligible women not screened within a 3-year period. Previously, we reported that from 2004 to 2006, 9 % of the eligible population aged 18-64 received a Pap test from the NBCCEDP, while 56.2 % were screened by other providers and 34.8 % were not screened [10] . The Government Accountability Office (GAO) conducted a separate study to examine, among other things, the NBCCEDP's screening of eligible women [15] . GAO used the MEPS as the source of data to estimate the number of women eligible for the NBCCEDP, from 2004 to 2006. GAO findings were similar to our previous findings (2004) (2005) (2006) . GAO estimated that from 2004 to 2006, 9 % of eligible women were screened by the NBCCEDP, 59 % by other providers, and 33 % were not screened [15] . The decline in the proportion of eligible women screened is largely due to increases in the number of women eligible. Declines in the proportion screened occurred across all race/ethnicity groups. The data in this paper provide vital information for planning, monitoring, and evaluating the only nationally organized screening program in the USA. Similar to previous findings, the number and percentages of eligible women screened varied widely by age, race/ethnicity [10, 15] , and state of residence [10] . The NBCCEDP was most successful in meeting the needs of women aged 40-64 years, although the percent of women eligible for services is higher in the 18-39 years age group. Some grantees prioritize serving women aged 40-64 years to focus outreach efforts to women for both breast and cervical cancer screenings.
The percentage of the eligible women screened by the NBCCEDP is small. A large number of federally funded community health centers, hospitals, family planning clinics, and voluntary associations provide cervical cancer screening services to underserved women outside of the NBCCEDP. Although most eligible women receive cervical screening services from other providers, 33.3 % of eligible women aged 18-64 years were not screened. This figure is consistent with other recent estimates of screening among uninsured women [5] . Possible reasons why more eligible women do not receive cervical cancer screening include fear of painful procedures, fear of having cancer, lack of insurance, high deductibles and co-payments, lack of a usual source of care, lack of knowledge about screening or recommended screening intervals, lack of transportation, and lack of nearby providers [10, 15, [23] [24] [25] [26] [27] [28] . Among women using the NBCCEDP services, low education level and foreign-born status were associated with not returning for repeat screening, suggesting that low education and factors associated with foreign-born status are barriers to the use of the NBCCEDP [29] . A large proportion of eligible women do not know about the NBCCEDP [30] .
Variation in screening rates across states could be explained by differences in CDC funding levels, eligibility criteria, availability of other resources, clinical costs, grantee infrastructure for management and service delivery, recruitment strategies, and the number of eligible women [10, 15] . As to be expected, eligibility rates tend to be higher in states with lower average incomes. Local characteristics such as the average cost of service delivery, size of the state population, percentage of eligible women, and the percentage of the population that resides in an urban area affect screening proportions [31] . Grantees receive varying levels of funding from the CDC, state government, and other sources. It is likely that this may influence the number of women served. [11, 32] .
Our study is subject to a number of limitations. First, our study may underestimate the number of women who are eligible for the NBCCEDP. Women who are underinsured (those whose insurance does not cover preventive services or those who have high co-payments) and are eligible for the NBCCEDP are not included in the CPS ASEC uninsured estimates and thus are not included in the denominators of the screening proportions. The CPS ASEC measures the number of women who are insured, but not the number who are underinsured. No general definition of being underinsured is available, and the number of low-income, underinsured women in the population is unknown. This could result in an overestimate of the screening proportions. Estimates are also subject to recall bias. The CPS ASEC uses annual retrospective questions, and respondents may have difficulty recalling information about insurance coverage [33] . Considering only women uninsured for the whole year excludes women who are uninsured for only a part of the year and would be eligible for the NBCCEDP for the period that they were uninsured. Our inability to define the race and ethnicity of some women in the study could result in an underestimate of the screening proportion for any given race or ethnic group. Analyses that further stratify the data (by age group at the state level and by age group for individual race/ethnic groups) were impossible due to small sample sizes. Dalzell et al. [12] describe three US Census Bureau's data sources for estimating the NBCCEDP-eligible population.
Second, we used BRFSS and NHIS data to adjust the estimates of the eligible population derived from the CPS ASEC for the proportion of women who have had a hysterectomy. Using data from various sources may introduce some errors in the estimates because the questionnaires, data collection methods, and sampling methods are different. Also, in these data sources, it is not possible to distinguish between women who had a partial hysterectomy instead of a total hysterectomy. Third, because BRFSS was administered by landline telephones only during the year used in this analysis, less affluent groups, such as low-income uninsured women, may be underrepresented because they are less likely to have landline telephone service [34, 35] . In contrast, NHIS is conducted primarily by in-person interview. Last, the unit of analysis for this study is the state and not the grantee, as standardized estimates of eligible populations are not available for NBCCEDP grantees that are tribal organizations and US territories.
In 2010, Healthy People 2020 set the objective of increasing the proportion of women aged 21-65 years who receive a Pap test within a 3-year period to 93 % [36] . Although cervical cancer screening proportions have increased over time, screening proportions among the uninsured still lag far behind those among women with private or public health insurance [5] . The Affordable Care Act (ACA) should increase access to cervical cancer screening services for many low-income, underserved women by making health insurance more available and by eliminating cost-sharing for cervical cancer screening. Additional studies will be needed to assess the impact of ACA implementation on screening uptake. There are many factors other than access to insurance that serve as barriers for underserved women to receive cancer screening [10, 15, [23] [24] [25] [26] [28] [29] [30] . CDC, through the NBCCEDP, funds grantees to recruit women, address these barriers and improve access to screening and diagnostic services. Since the state grantees reach underserved women, the NBCCEDP provides a unique opportunity to reduce disparities in cervical cancer and increase the proportion of women screened among the underserved population. Although the number of women screened by NBCCEDP has increased since 1997, a large share of NBCCEDP-eligible women did not receive recommended Pap tests. Results of this study indicate there continues to be an unmet need for screening services for underserved populations.
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